The 3 main coronary arterial branches, the left anterior descending, the left circumflex, and the right coronary vary from heart to heart in the relative size of the area they supply. Schlesinger classified hearts in 3 groups according to the anatomic distribution of these 3 arteries.1 In group I, comprising half the hearts in his series, the right coronary artery predominated in the blood supply of the heart, nourishing the right ventricle and a large part of the posterior wall of the left ventricle. In group II, comprising approximately one third of human hearts, the coronary artery blood supply was balanced between the right and left coronary arteries. The right coronary artery supplied the right ventricle plus the posterior wall of the interventricular septum, and the left coronary artery supplied the left ventricle plus the anterior part of the interventricular septum. In group III, comprising one sixth of human hearts, the left coronary artery predominated and supplied more than the entire left ventricle and interventricular septum. In some instances the left coronary artery extended to the free surface of the right ventricle. There are various degrees of this preponderance of the left coronary artery. In the least marked form both the right coronary artery and the left circumflex coronary artery extend to the crux of the heart, and both terminate in parallel posterior descending branches. In other hearts the terminal branch of the left circumflex coronary artery constitutes the sole posterior descending coronary artery.
There is no great sex difference in the distribution of the groups although women evi- The circulation of the heart presents many interesting differences from the rest of the body. Skeletal muscle on vigorous contraction can increase its oxygen consumption 30 or more times. This vastly increased requirement is met in part by an increase in arterial and capillary blood flow and in part by greater extraction of oxygen from each unit of blood passing through the capillaries. Thus, the oxygen content of venous blood, which is approximately 12 volumes per 100 ml. with skeletal muscle at rest, may be reduced to 5 volumes per cent or less on exercise. This ability to borrow on the "reserve" oxygen is not enjoyed by the heart. Under normal conditions the venous blood of the coronary sinus contains only 2 to 5 volumes per cent of oxygen. There is little to borrow and so the heart must "pay as it goes" by inereasing the coronary arterial blood flow proportionately when the myocardium needs more oxygen to do more work. Skeletal muscle is also different in that it can continue to contract during exercise, even if the oxygen supply is momentarily inadequate, by incurring an oxygen debt which is repaid later during rest. The myocardium, however, cannot do this; it depends for its contractility on the oxygen immediately available in the coronary blood. It ceases to contract when it has incurred only one fifth of the oxygen debt skeletal muscle can endure.
Skeletal and cardiac muscle also present an interesting difference in their vascular supply. The smaller arteries and arterioles of striated muscle communicate freely with each other by large anastomotic vessels. Except for sudden occlusion of large trunks such as the brachial, iliac, or femoral arteries, infaretion of skeletal muscle is rare. The coronary arteries, on the other hand, are end arteries in a physiologic or functional sense. It has gradually become the consensus that the con_ections that exist normally among the coronary arteries are only fine communieations of an arteriolar or capillary nature, which are less than 40,u in diameter. These interCirculation, Volume XXII, August 1960 communications, while of some limited funetional value, are not sufficient to prevent infaretion of the myoeardium when coronary arteries are ligated experimentally in animals or are suddenly occluded by thrombi or emboli in man. 7 8 Obviously, therefore, anatomic patency of the coronary arteries is of cardinal importance in the maintenance of normal cardiac nutrition and performanee. The very large extraction of available oxygen by the normal heart, the inability of the myocardium to incur a sizable oxygen debt, and the fact that coronary arteries are functional end arteries in the normal heart make it necessary that any significant increase in oxygen need by the heart be met by an increase in coronary blood flow.
Failure to meet the demands of the myocardium as a whole may lead to congestive heart failure; ischemia of certain areas may lead to the clinical symptom of cardiac pain or disturbances of impulse formation and conduction in the form of arrhythmias; if the ischemia is sustained, actual injury or necrosis of heart muscle, i.e., myocardial infaretion, may develop.
Effect of Acute Coronary Occlusion
When a coronary artery is suddenly and completely occluded in a previously normal heart, a myocardial infaret is usually produced. This sequelee is observed experimentally and clinically. The coronary arteries consequently must be eonsidered to be end arteries in the physiologic sense.8 The size of the infaret, however, is always less than the total territory supplied by the artery.9 This difference is related to the fact that minute intereoroinary capillary and arteriolar connections less than 40 ,u in diameter are normally present. These may be readily demonstrated in the normal heart upon injection of a colored watery solution into a coronary artery by its immediate appearance in other areas of the heart that are supplied by the other coronary arteries. The peripheral border of the infareted muscle may be supplied by blood oozing through these fine channels 303S or, as Wiggers maintained, by diffusion from the surrounding myocardium.
Within a minute following acute occlusion myocardial contraction diminishes progressively as isehemia continues. As the contractions become feeble, they are balanced by the intraventricular pressure, and the isehemic area expands paradoxically with each systole.7' 8 The small collateral channels that normally exist in the coronary arterial system do not supply enough blood to support useful contractions for many minutes.
In These phenomena have been reproduced by the authors under controlled experimental conditions in the domestic pig, the coronary arterial tree of which is strikingly similar to that of man.12 Intereoronary collateral channels of more than 40 ,u may be seen within 24 hours after marked coronary narrowing but their rich development usually requires 7 to 21 days. After 5 to 12 days of preliminary narrowing, sudden acute occlusion of the narrowed artery no longer regularly results in death. Examination of the myocardium grossly and microscopically showed that these collateral channels not only permitted survival of the animal but at times protected the myocardium from serious damage. Somewhat similar results in dogs have been reported by others.13' 14 Under favorable conditions the major portion of the coronary artery system can be gradually occluded with minimal or no infaretion in the animals that survive.
The clinical counterpart of these experiences, i.e., the occurrence of complete coronary artery occlusions without myocardial infaretion has been noted repeatedly. 15 In a small series, Snow and his associates16 also observed gross infaretion to be smaller than anticipated but they encountered no instance of complete occlusion without infaretion. There is general agreement, however, regarding the prevalenee of functionally important anastomotic channels in response to coronary arterial obstruction and their great protective value against myocardial damage.
In contrast to this general agreement regarding the development of extensive collateral channels in hearts with marked coronary narrowing and complete occlusion, divergent results have been reported regarding the incidence of sizable, functionally significant intereoronary anastomoses in the normal heart. In an extensive series of over 1,500 consecutive normal hearts studied by the Schlesinger technic, the incidence of anastomoses was 9 per cent after exclusion of anemia, cardiac hypertrophy, valvular heart disease, and other categories in which hypoxia evidently leads to an increased incidence of anastomoses.10 Although this experience has been confirmed by many others9' 17 certain observers using other technics have reported an incidence greater than 10 per cent. Laurie and Woods,18 indeed, alone among investigators, observed sizable intereoronary arterial anastomoses in 75 per cent of patients over 4 years of age and in only 23 per cent of patients with severe atheroselerosis.18 There is reason to believe that the role of anemia and technical differences in pursuing the study account for their aberrant results. 4' 10, 19 The development of intereoronary collateral vessels also can be demonstrated experimentally by measurement of retrograde flow and pressure from a severed main coronary branch. Immediately following abrupt occlusion of a main coronary branch, the retrograde coronary flow approximates 5 to 5.8 ml. per minute compared to control values of 2 to 3 ml. per minute and is relatively constant in any one dog for a few hours.7 Measurements of retrograde flow during temporary clamping of the other coronary arteries indicate that the latter are the major source of flow.
After long-continued obstruction of a coronary artery or a branch in an otherwise normal animal heart, the flow of blood from the cannulated end of the artery becomes quite large. It begins to increase within a few hours, may double within 2 days, and may become 3 to 4 times the control level within a week. Within a few weeks, the flows approximate the values for the normal rate of inflow before occlusion in that coronary artery or branch. The observation that the retrograde blood had the same content of oxygen and carbon dioxide as that in a systemic artery leaves no doubt that the collateral circulation is on the arterial side of the coronary capillary bed. The gradual augmentation of retrograde flow is attended by similar elevations of systolic and diastolic Circulation, Volume XXII, August 1960 pressures in the peripheral end of the occluded coronary artery.
Observations of the heart post mortem in man are in accordance with these experimental studies and explain the apparent inconsistency between the presence of long-standing obstructive lesions, on the one hand, and the absence or relatively slight pathologic or clinical evidence of myocardial damage, on the other hand. Indeed the hearts of patients with angina pectoris may show one or more occlusions in 2 or even 3 main stems, a rich collateral development, and only scattered mnyocardial fibrosis.20 21 While there is a general relationship between the incidence of coronary occlusion and the occurrence of angina peetoris, other modifying factors such as the exact site of the occlusion, the importance of the vessel involved, the adequacy of the collateral circulation, the rate at which such occlusions or narrowings develop, the temporary influence of emotion, exertion, and vasomotor reflexes are also of great importance. Although damage to the heart is minimized by the development of the collateral circulation, the margin of safety or, as it may be termed, the coronary reserve" is reduced. Augmentation 
